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(54) Title: LIGHT-EMITTING DIODE 

(54) mat?**- k 



(57) Abstract: A light-emitting diode with high luminous efficiency is 
disclosed which is free from deformation or defect of crystal caused by a 
dopant The light-emitting diode emits no light of unnecessary wavelengths 
and has a wide selection of emission wavelengths. The light-emitting diode 
comprises a light-emitting layer composed of an ambipolar semiconductor 
containing no dopant, and an electron implanting electrode, namely an n 
electrode and a hole implanting electrode, namely a p electrode joined to the 
light-emitting layer. 
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3a«^*»*»fc, m^<^»££ 7 0 c m 2 /V s , E|L©^lg^ 10c 
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giiftfeK: .fcoTJfcfcfcJfc&fttetts 1 x 1 0 9 Q c m-Cfeofc 
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($%04 2) 

mmmi tmrn^s n-GaAs (100) smsni*^^*, ^7^rgi 

i^i@5fife(RHE ED)^a-C,Mt*Wi*ffi^lffl bfc C £ &?&fg bfc„ 
o#*tcS^ifiSSr4 0 0°C{^T^\ Znt/K S et/^j;tj?A 1 t/^?,, 
&f&ft<Dft*m*%cm&l£, n-GaAs (100) StRHlHfUtf LT\ A 1 & 
K-T'lfcnIZ n S e Sr2 Mm t/&J^L7c 0 n— GaAs/n— ZnS 
3££*£o N ni^MLfc^i lcfc3„ O^iCl, £.<*>Ji<Z>_bfc: % ZnSe® 
^2 00nmt|lLt, 3§ft;Jl £: Ufc„ ^-5/ 9 7*~7 — K • 

Zn*3j:tfS e tf)^^ £: fcfc, S&-hfc:f8£tU N£ K— ^Lfc p - Z n 
Se?r2/imt^itfc 0 ^<Db%, RHEED|:i!3, Zn^LfcZnS 
e&£km& : }&J$.£tltcZ. t ZmmVtio ftJLJIMP d£5 0 nmt^^y^^ 
IftLfcSK Au^2 0 0 nmt^lLfc o p-ZnSe/Pd/AuiMj| 

5S3te^-f 5^ — K©n-G a A s t A u m^^rat-HJBE^RlJP Ufc^^O s 

jeewu 3 v#i£-e, mm-m&mm*mittt'®-vhz> z n s e o«ifw#«n:^ 

60 att*Hlfil^J©|85te^^ w -Kfc«tS 1 bO _ e*>?) % ft*4 6 0 nml^tt 

m<Om^^^ h/Ptmtbtlfro &:&4 6 0 nmte N ftzc;^=¥— 

£2. 7eVf&<9> m^m^mm^^n^h 5 Z n S e (D&lfaffimz 



WO 2004/095591 PCT/JP2004/005853 

27 

&ytmz n S e <7)g|ff£ 5 0 0 aml:fILfc^tt*^^fl| 
\ZftML1t&yty^ Kfc*J^Tfc, «Zn S e ©Kffj&S 2 0 0 nmO 

-frMWte^V:*— K«rfEKT?£5. fiSIUobta, ^©j;5H:ur^«ttp 
n^H383t^^— Klc£3$gft*-<^ h 5 „ 6 0 0 nmftfiotf 
£^^5 3Mitf|l£>/£V^}fc-efc.5 0 p - Z n S e c W£# ; fe"f-<5 N K— h & 
&<^3§ft, *>L<te, n-ZnSetl:#ftt§Al K— ^> h &$k<D&% t 

S eMMM<Dftt>y fcsMMM&m\/\ n-G a A s S&Oftfc) !9 n -G 
aPTOSfi (ZnS^10^]tt^#I) SrfflV\ NF/p-Zn 
S eJ!Oft^«9 fc^/Ha/-?^^ hSt^ftSCuF e S 2 Jl£fflV\Ga P 

3 3 5 nm©jfe*Sr^ri-5^j»<OB3teS:#fe. 

n-GaP|i| B iSl|:, iK^n-ZnSl, ZnSlIB 
Jl (2 0 0 nmK NK-^p-ZnSf, Pd|, A u Afr)H&7gJ& U 

£ n-G a PJMS***E-LK:, I hWn-ZnSl, ZnSitH 

3tJB (2 0 0 nm) N ^/l^/-?^ t-T h#3tSr^i-5 C u F e S ail, Pd|, 
AuJi£]iI&7Mu ^1 Hl^^bfc^^-r^-— KIrfRRtfci r£ % ft** 



WO 2004/095591 PCT/JP2004/005853 

28 

S eMMMOftfrVteT e8Mfr*i«rJBV\ n-G a A s StROttfe tHC n - 
GaSbWaSS (ZnTeMO^tt^t) &fflV\ N K — p 
-Z n S elon^U K:#/l'=i/-W 7>T MHitSr^-T 5 C u F e S e 2 JI&ffl 
l\ n-GaSbW B SS±t, ZnTeMWU ^1 EKc^L/c 

0 VRlJPUfci! r^>s 5 2 0 nm©ift*«r^r-t-Slil:fe<05S3te«r#fco 

£fc, n-GaSbig|S|llC ClK^n-ZnTel, ZnTe 
&«$8ftJl (2 0 0 nmK NK-^p-ZnTel, Pdl, AulSrKS^ 
j*U auBfc^UfcSSft^*--- WSLfciw^ lSI*<D38ft*SM4a«» 

Sfet^ n-GaSbliiSill^ CI K— ^"n - Z n T e Jf, ZnT 
e&t^38ftJI(2 0 0 nm)^/^^/*^ 94 hMfeZ^-fZ C u F eSe 2 I, 

J&*5*HJfe^J©5l3fc^^^— Kte*5tt338ftJl«\ V>i*jh,t>n*ffi©_hfc:^ 
(l»J 3 ) 

1 Ogl&JBV^-ClftBll-rSo -t"^*?*>s /y^OGaAs (10 0) j£«l 
3 1±(CN^K-/Ucp-ZnSell3 6& 2Mm^lbfc 0 p- 
ZnSeil36 <£>— ^ -C«V\ a^Zn Sell 35!r2 0 0n 
milLT, ISftJf £ bfd„ $b(d©±^Mgil 3 2 Sr±fMt£i2:fc(E>*> N 
Auil3 4^fiV\Mg/Au<&SIJiRfc Until 3 3k LfcOif 
p-ZnS e*B^S:IotV^5■7^^^ts Z.<D^ffi±tZ-P dgl38 %M 
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«U £ btAuil 3 9 *mmZlt. p-ZnSe/Pd/Auit^o 

t£&, nttlHTCl K-T'n-ZnSe/Mg/Aufi^Iffilfci 
|13#0|§ft#tt##b*Lfc 0 ifcfc, ptt^t UCuF e S e 2 /P d / 

^-774Tmm±^, MtUGaNf^ (5 0 0 nm) ^CVDjfet 

(ip-GaN:Mg (M g K-T'pSG a NSrS^t5 0 ^TIrUHo) &/BV^ 
nm®*t^^^n-G a N : S i &m^tc 0 A K<£> p t 

nmm<DWZ.m,J£* 1 0 vma^fct 4 0 0nm#Mft^ft5^ 

^^feJl^b-C, InN (5 0 0 nm) SrC VDfelCi ^Itfcl^Cl 
A 1 N (5 0 0 nm) ^rC VDifeia 9 j&SILfc^^ l^tUcJUff^mift 

*fc, ptSp-GaNiMg^!)^ C u F e S 2 £rffl V^c^M & , 
5 ) 

S i Si±(CLP-CVDi£t*3C-S i CW-f^^Wm (5 0 0 n m) SrJ&Jgl 
U ^lmici^i-^^:^^- KSr^b/Co ^^"C\ plii:nlili, 3 
C-S i C ISf B iHl^ t V ftAfel- i o T N L < nP&&AirZ>Z t\z. 
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£Y)s P-3C-S iCitn-3C-S i ClWU, ^tl^tlfc&mtiL 
m*&f&£ J £X : Bf&Vtco *— h'<DpWmt n*«0>Mfc:WE*: 1 0 

V^Dlfc^5, 5 2 0 nmtti£<£&S£^-5^fetf)g§ft£#fc„ 

p1|^£ LTP-3C-S i C^9(CCuF e S t&m^^tiiWr&te 
(Utt^l 6 ) 

SffifcUT, sfeiSflS— i2 2mm<DiE;^. *3 J: tFff $ 0 . 2mmOttftt 
te, ^t^VK^fH^il 0 0}®77ty hSrltWI^ffiWiU fl*J*L 

a )$rfTc /Co Srffi^S*^: t-^-iao T— JfeiEU£K:Aqa& U 

S^^/v^— $ ttfc ir* v KlBfi^Stf t — * — <z>i£^«.^ £ ift 
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* *:/<a«Ste3#^%(fW# l) % 1#^%(SW# 2)*5«fcT*0. 

2#^-%(W**# 3), tfn#*(Dm.ffimtel 00 s c cm, ^^ft^^f* 
j£2)te3 0 T o r r > SA^-f ^ n^m^Jfi 1 kW, St£Mte9 0 0°C 

£ Lfdo M&Ztltc?^^^^ Kgil(i{l 0 0}®^^(7)^®^ffi^ U 

S1S±^pm^O-|H5^ bT, p-^Vir^K • =*^*^ hJf Sr^J&U 
_hKl N p-^V-r^^ K- =>^^^ bill 6 6/^11 6 8^t^5pti(l 

67) i:, ^5feJl^ LtroryK-y • ^-r^-^ KH6 5 fc, n-^-r-v 

. K • hJf 1 6 2/Ml 6 4 7^b&5 pli (16 3) ?rf It 

LfCo m&t ft 5 0 VgrPPflPbTcit 5. 2eV(iSftH)2 3 8nm)l^ 

jVf&^z b X £ tit V ^ fc 0 
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(§H«J 7 ) 

#9X&m (=*~-~lsn±m. fpf 70 5 9) -ht- I TOm^ff^^tbfcS 
*S^r. MBEj^MffiK^fiF^^^AbTHfeb, 3 O 0 °Cfcl#fi Lfc 0 Zn 
*fe/K S e-fcr/V£>J;tfC 1 -fey^b,. #/&#<0#^j§£ lxio 19 
/cm 3 OC 1 -f^&^tr nIZ nSe|S:l m mMbfco- 

g^T, Clir^Ct, Znir/K SeWt, #^<^^^^^ 
7 ^ ¥—z7<D Z n Sellr5 0 0 nmMtm)fel?rMtfc 0 

S^t, C u N F e „ S <D&%&F.mi& Sr % 0. 245:0. 245:0. 51 

(mo lit) T^»2. Og^i^iMcffi'JI^U ^7^ft(^ 
J;^10- 3 TorrtX^AU 4 5 0^10^, 9 7 5^X24^1 

^^^^EE^l/^dE^ 5 0 0kg f / cm z )fc£^X&l 2mmJ^ 1 . 

JEiK#fftflS&fTV\ Cu 0 . 2 4 6 F e o. 24 2 S 0 . 51 ^^5CuFe S 2 m&]& 

lillCAuI?: 3 0 0 nmii^bfc 0 

1~ft:b*>. nllilTCn-ZnSe/lTO, pliHTWCuFeS 

^-C N m^tf>il}&£nfl;^£> I TOi^jEKplIOAuifC^L, 
5 V(Di£^m£E^RlADb7c^^5, 3§7fc;0S#k*lfc o ft%*s<? YMt s 4 8 
0 nmWlV^t 0 -^ ^ s 6 0 0 n mKniigJ!^ ^ ?rttTI/^c 0 
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mmm s ) 

MMM 7 KUai^X, pii^lt§AuI<D^i3(CITOl^t, > 
(Hii£0>J 9 ) 

7 iCjoV^T, pitoinCuF e S 2 <Dft:b«9 u 0 . 3 F e 0 . 2 
Se 0 . 6 I^tT, K«rf^»bfc. #3«fcfcl©3S 

(^JS^J l o ) 

HtjKWSL # 7 0 5 9) Jbfcl, ^y^iatlGaK- 

^tt. C 1 K— n S em& 1 /zm, / is Y—"7Z n S e Jg|£ 5 0 O nm, 
CuF e S e 2 B£2 0 0 nm, f±i^Aui?r3 0 0 n m&NHSMUJf LT, 
^-f tf— K&f£$£Lfco i-Jfe^-b^ n«ffifc lt©n-Z n S e/G a K-^Z 
nO, v>m,mt U©Cu F e S e 2 /A u tmj&Z fotc 0 ^^^^r, HWJ 7 

(mmm 1 1 ) 

0mm^©^7^ii ( = — ~^*t!g!k # 7 0 5 9) _h(C N |H»J 7 £ 
\z., MB Eaglet <9 > ^K-T'ZnSeHtrlMmililt, ^0_h^ N 
^ ^/l^;*:?£:fflV^ 1 mmX 0. 5mm©^# ^ItoC 1 K—^Z n S e 
m*3 0 0 nmSI Lfd 0 W.^X, C 1 K— 7°Z nSeKH. 3 mmWFIi 
SrttV^> n—v II (Df 5 l-s 1 mmX 0 . 5mm(D^|^ 
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JtoCuF e S e 2 m%, 300 nm <DW- £ "C. ; ^ K-^Z n S eg±|CiiL 
fc 0 £ fefcl, ff^LfcC 1 Y—'f'L n S eii C u F e S e 2 I±tAuilr 3 
OOnmllU K^r^MUfc 0 i~&;b*>, nili:Uron-Zn 

S e /Au. p MMt LTOCu F e S e 2 /A u HfiJ&J&. £ 2xfc 0 
#fc\^-Cs IH©^i?rnii©Aulli: % jEffi*- pliOAuitiib, 
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ft jfc <D 46 IS 

0-1 0 O0@ltfc5r fc«r«MKfc-*-3#3te^;i-— K. 

0" 1 cm 2 /v s 1&±'ZlbZ>^b%mqkb-tZ>&%?<<(jr— K„ 

4 . MM l fc|B*H03&3te^ Kl£*3^T> 

5 . MM i U:fB*fc<0»3te^<*— Kfcaav^ 

StTIB*l«BB3teJl©g|ff*5, 1 0 nm^±l OMm^TtfcSit^Wt 

6 . MM 1 ~ 5 V^jh^fcUBfl^SSft^'f rf— K{C*3V>T N 

WIBiaai*-*tt«l«l*i»ft:*t«.tt, I I-VI»I, *>L<te, Zn 

t *&mkirz>myty'( k c 

7 . MM 1-5 ^ma^fBttO^ft^ a— K^*3V>t, 
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glials— tet£fc«¥*##**«u i i i -vmit&to, t> l< Nt. 

AU Ga, I n^5>lfftl5'>/i< £ — o©7G*fc LTl^S r 

zmytyj a— k. 

l i . f*jfc3g l~8 \^fhfc\z.%m,<Dm%?s( a— Ktc^3V>-C, 
Ko 

12. ft^3Sl~8V>T*V36^C|B«(7)|g^^^— KteSSWT, ifJlSni* 
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1 3 . ffiikm 1 ~ 1 2 ^-rti^i£i5*ctf>3§3fcy-f Kld&^T, 
4 K„ 



